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The present study was designed to prepare different extracts from the leaves and fruit of Omani Ziziphus
jujuba (Z. jujube) and to determine their total phenols and ﬂavonoids content, including antioxidant
activity, by applying modiﬁed established methods. Different extracts were prepared by Soxhlet
extraction with methanol of powdered samples of either leaves or fruit. Both extracts were separately
suspended in water and fractionated using solvents of different polarities, namely, hexane, chloroform,
ethyl acetate, butanol, methanol and water, in an increasing polarity pattern. The different parameters
mentioned above were determined using Folin-Ciocalteu reagent (FCR), aluminium chloride (AlCl3) and
1, 1-diphenyl-2-picrylhydrazyl (DPPH) methods, as applied to each assay. The maximum content of total
phenols in leaves was detected in the ethyl acetate extract, and the lowest was in the water extract. A
similar result was also obtained from fruit extracts of Ziziphus jujube. However, the maximum content of
ﬂavonoids was detected in chloroform extract, and the minimum content was observed in hexane
extract, with a similar trend being observed for total ﬂavonoids content in the case of fruit extracts. Both
the leaf and fruit extracts exhibited signiﬁcant antioxidant activity, with the maximum percentage of
inhibition being obtained in chloroform and hexane extracts and the lowest inhibition in the ethyl ac-
etate extract. The present study demonstrates that all polar extracts of Omani Z. jujuba have signiﬁcant
antioxidant effects. This report is the ﬁrst in Oman describing total phenols and ﬂavonoids content,
including assessment of antioxidant activity, of the extracts of Omani Z. jujube. Therefore, the active polar
extracts of Omani Z. jujuba could be candidates for use as antibiotics.
Copyright © 2016, Far Eastern Federal University, Kangnam University, Dalian University of Technology,
Kokushikan University. Production and hosting by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Historically, aromatic and medicinal plants were used in
different ethnic communities all over the world for the treatment
of curable and incurable diseases. In modern society, the use of
traditional medical systems as natural alternatives to synthetic
medicines is increasing rapidly. Aromatic plant products have
played an important part in human culture and folklore medi-
cine. Plants are valuable natural resources, useful in our daily life.ge of Pharmacy and Nursing,
6, Nizwa, Oman. Fax: þ968
, hossainabi@gmail.com
Federal University, Kangnam
an University.
ersity, Kangnam University, Dalian
C-ND license (http://creativecommThey provide us with food, food additives, ﬂavours, fragrances,
colours, as well as pharmaceuticals in medicine [1]. The world
population is nearing ﬁve billion, at a growth rate which is likely
to reach 7.5 billion by 2020. According to a WHO report, 80% of
the world population uses herbal medicine for their primary
health care system. Approximately 50% plant and their formu-
lation products including antibiotics are all drugs available in
clinical use in the world. Presently, plants and their formulation
products constitute more than 35% of the total drugs in use [2].
Recently, the demand for plants and their formulation products is
increasing tremendously all over the world due to the safety of
plant drugs. Non-narcotic drugs with no side-effects can be easily
obtained from natural sources at affordable prices. Sometimes,
this type of medicine is the only primary source available to the
poor [3].
Bioactive chemical compounds in different fruit, vegetables,
grains and other foods related to plants have been directly linked toUniversity of Technology, Kokushikan University. Production and hosting by Elsevier
ons.org/licenses/by-nc-nd/4.0/).
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diseases and cancers) [4]. Medicinal plants with pharmacological
properties have been shown to be rich sources of ingredients with
signiﬁcant potential to prevent incurable diseases [5,6]. The Sul-
tanate of Oman is known to be a hot country that is not rich with
plant resources. The environment is not suitable for the production
of many medicinal plants; however, they have several potential
medicinal plants, which are consumed by the local population as
the cure of various diseases. Most of the plant sources available
here are still unknown or undetermined. Many of the plants used
traditionally have received little or no attention for use in natural
product chemistry, even though some of them are sold in the
Omani market for medicinal purpose. The medicinal properties of
these traditionally used plants are undetermined. There is now an
urgent need to search for novel and effective chemical compounds
that may prevent cancers and other chronic diseases.
Ziziphus jujuba is an important medicinal plant belonging to the
Rhamnaceae family that has been used to treat many disorders
since ancient times. It is a common medicinal plant widely
distributed in tropical and subtropical areas around the world [7].
In the Arabian Gulf it is known as Sidr. It is often called Zizyphus
vulgaris Lam, Zizyphus sativa Gaertn, Malay jujube, coolie plum,
Chinese date or merely jujube [8,9]. Its height is approximately
5e10 mwith branches. The Chinese and Korean peoples have been
using its fruit as an antifungal, antibacterial, antiulcer, anti-stress,
anti-inﬂammatory and sedative treatment [10,11]. It has also been
used against chronic constipation, for wound healing, and as an
antispastic, antifertility/contraception, hypotensive, cardiotonic,
antinephritic, antioxidant, and immunostimulant treatment
[12e14]. In Omani tradition, it is used for the treatment of swollen
joints, dandruff, acne, fever, burns, constipation, diarrhoea and as
an antifungal, cardiotonic, and antiseptic agent. A literature search
reveals that only limited work has been conducted on this species,
and to date, no research has been conducted on the Omani species.
This is the ﬁrst report in Oman on total phenols and ﬂavonoids
content, including an assessment of the antioxidant activity, of
extracts of Ziziphus jujube. Therefore, our aim of this presentwork is
to determine the total phenols and ﬂavonoids content of leaf and
fruit extracts and evaluate their antioxidant activity.
2. Materials and methods
2.1. Materials
Acetone, hexane, chloroform, methanol, ethyl acetate and
butanol were procured from Fisher Scientiﬁc Company, UK. Sodium
sulphate was purchased from Scharlau, European Union. Filter pa-
per was purchased as discs (Whatmann, GE Healthcare Companies,
China, Catalogue number 1001090). 1, 1-Diphenyl-2-picrylhydrazyl
(DPPH), gallic acid and quercetin were purchased from Sigma-
eAldrich Company, Germany. A UV-visible spectrophotometer
from Shimadzu, Japan (Model: UV-1800) was used for measuring
the absorbance of different polarity crude extracts.
2.2. Sample collection
The leaf and fruit samples of Z. jujuba were collected from Sur,
Sultanate of Oman at 7.00 am on September 13, 2014. The collected
samples were transported without packing to the Natural Product
Lab at the University of Nizwa for drying and extraction.
2.3. Sample preparation
The leaf and fruit samples were separated and washed with
water. The collected samples were dried at room temperature. Boththe samples were ground separately to powder. The obtained
powdered samples (100 gm) were continuously extracted with
methanol solvent (1 L) by the Soxhlet method until complete
extraction. Rotary evaporator under reduced pressure was used to
remove the methanol solvent to obtain the methanol extract
(11.23 gm, yield 11.23%). The obtained methanol extract (10 gm)
was suspended in water until completely dissolved. Next, the
extract was transferred into a separatory funnel and fractionated by
hexane, ethyl acetate, chloroform and butanol to give to following
yields: hexane (2.43 gm, yield 2.43%), ethyl acetate (1.29 gm, yield
1.29%), chloroform (2.96 gm, yield 2.96%), and butanol (0.876 gm,
yield 0.87%). The process was repeated twice. The extracts were
combined and concentrated using a rotary evaporator. The
remaining water was also evaporated using a rotary evaporator to
give a water extract (0.459 gm, yield 0.45%) [15].2.4. Determination of total phenols content
Total phenols content of leaf and fruit extracts of Omani Z. jujuba
was evaluated by using a modiﬁed FCR method [15,16]. All the
different polarity extracts from the leaves and fruit were separately
dissolved in methanol solvent. The stock solution of each sample
(200 ml) was placed in a separate tube and 10% FCR (1.5 ml) was
added. The test tubes containing the samples were kept in a dark
place for 5 min. Finally, sodium carbonate solution (5%, 1.5 ml) was
added to each test tube and mixed well manually. All the test tubes
were kept in the dark place for 2 h. Finally, the absorbance was
measured for all tested samples at a wavelength of 750 nm using a
UV-visible spectrophotometer.2.5. Standard curve for the determination of total phenols
A standard curve was prepared by the same procedure
mentioned above. The maximum concentration of gallic acid of
300 mg/ml was preparedwithmethanol solvent, fromwhich a serial
dilution was made to give concentrations of 150, 75, 37.5 and
18.75 mg/ml. The absorbance of all concentration solutions was
measured at a wavelength of 750 nm. The total phenols content
present in different crude extracts was determined from the stan-
dard curve and expressed in mg per gram of the dry extract.2.6. Determination of total ﬂavonoids content
The content of total ﬂavonoids of different extracts of hexane,
ethyl acetate, chloroform and butanol extract was determined us-
ing a modifying AlCl3 method, as reported by Hossain et al. [15,16].
Each extract (0.25 mg) was dissolved in water (1.25 ml), then 6%
NaNO3 (75 ml) was added and the solution was mixed. The mixture
was kept in a dark place for 6 min, then 10% AlCl3 (150 ml) was
added to each test tube and kept again for 5 min in a dark place.
Finally, 5% NaOH (0.5 ml) and water (0.275 ml) were added to each
working test tube. The absorbance of each test tube was measured
at 510 nm using a UV-visible spectrophotometer. Quercetin was
used for the determination of total ﬂavonoids content. The deter-
mination of total ﬂavonoids content in the crude extracts was
carried out in triplicate and the results were averaged. For the
calculation of total ﬂavonoid content the following formula was
used:
X ¼ ðA$moÞ=ðAo$mÞ
where X ¼ Amount of ﬂavonoids in mg/gm plant extract,
A ¼ Absorption of crude extract, Ao ¼ Absorption of standard,
m ¼ Mass of extract in mg, mo ¼ Mass of quercetin in mg.
Gallic acid concentration (μg/ml)
Standard curve of absorption against gallic acid concentration; y = 0.0085x; R2 = 0.9439
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R² = 0.9439
0
0.5
1
1.5
2
2.5
3
0 50 100 150 200 250 300 350
A
bs
or
ba
nc
e
Fig. 1. Gallic acid standard calibration curve.
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A standard curve was prepared by using different concentra-
tions of quercetin. The maximum concentration of quercetin of
300 mg/ml was prepared with methanol solvent. Serial concentra-
tions of 150, 75, 37.50 and 18.75 mg/ml were prepared by dilution in
methanol solvent. The abovementioned method used for the
determination of ﬂavonoids content were similarly applied for the
quercetin standard. The absorbance was measured for all concen-
trations of standard solutions using a UV-visible spectrophotom-
eter at a wavelength of 510 nm.Table 1
Total phenols content of different leaves and fruits crude extracts of Z. jujuba.
Crude extracts Total phenols (mg/gm) Content
Leaves Fruits
Water 22.33 ± 0.34 18.17 ± 0.17
Methanol 68.10 ± 0.09 64.89 ± 0.44
Hexane 48.46 ± 0.67 16.93 ± 0.312.8. Antioxidant activity assay
The activity of each extract of the leaves and fruit of Z. jujubawas
evaluated by modifying a DPPH method, as reported by Asma et al.
[15]. Five different concentrations (12.5, 25, 50, 100 and 200 mg/ml)
of each crude extract (in hexane, chloroform, ethyl acetate butanol,
methanol and water) were used for the determination of antioxi-
dant activities. Each concentration of each crude extract stock so-
lution (4ml) was placed in a test tube and DPPH solution (1ml) was
added to the same test tube and shaken vigorously by hand. All the
test tubes were kept at room temperature in a dark place for
45 min. The control was prepared following the same procedure
without adding any crude extract. After incubation, the absorbance
was measured at a ﬁxed wavelength of 517 using a UV-visible
spectrophotometer of all the concentrations of crude extracts. The
percentage of inhibition of each concentration of crude extract was
calculated using the following formula:
%Inhibition ¼ Acontrol  Aextract
Acontrol
 100Ethyl acetate 190.80 ± 0.30 187.51 ± 0.56
Chloroform 51.53 ± 0.92 50.87 ± 0.18
Butanol 53.79 ± 0.24 51.16 ± 0.29
Total phenols content: results expressed as mg of quercetin equivalent/gm of crude
extracts or fractions; Each value in the table is the mean (±) standard deviation
(n ¼ 3).3. Results
Gel masses were obtained from the leaves and fruit of Omani
Z. jujuba by the evaporation of the methanol solvent. The obtainedmethanol extract was dissolved inwater and then fractionatedwith
hexane, chloroform, ethyl acetate and butanol to give hexane, ethyl
acetate, chloroform, and butanol and residual water fractions,
respectively.
3.1. Total phenols content
The content of total phenols of different polarity extracts of the
leaves and fruit of Z. jujuba was evaluated by a modiﬁed FCR
method with a gallic acid standard [15,16]. The content of total
phenols in leaf extracts was higher than in the fruit extracts. In leaf
samples, the maximum amount of total phenols content was ob-
tained in the ethyl acetate extract and the minimum amount was
obtained in the water extract. The extracts followed this order:
ethyl acetate >methanol > butanol > chloroform > hexane >water.
Similarly, in fruit samples, the maximum amount of total phenols
content was also obtained in the ethyl acetate extract and the
minimum amount was obtained in the water extract, with a trend
similar to that of total phenols content obtained from the leaf ex-
tracts of Z. jujuba (Fig. 1 and Table 1).
3.2. Total ﬂavonoids content
The content of total ﬂavonoids of different leaf and fruit extracts
of Z. jujuba was evaluated using a modiﬁed AlCl3 method with a
Table 2
Total ﬂavonoids content of different leaves and fruits extracts of Omani Z. jujube.
Crude extracts Total ﬂavonoids (mg/gm) Content
Leaves Fruits
Water 13.14 ± 0.34 14.57 ± 0.17
Methanol 90.28 ± 0.09 0.29 ± 0.44
Hexane 11.71 ± 0.67 1.71 ± 0.31
Ethyl acetate 87.43 ± 0.30 1.71 ± 0.56
Chloroform 107.43 ± 0.92 27.43 ± 0.18
Butanol 41.71 ± 0.24 14.57 ± 0.29
Total ﬂavonoids content: results expressed as mg of quercetin equivalent/mg of
crude extracts or fractions; Each value in the table is the mean (±) standard devi-
ation (n ¼ 3).
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total ﬂavonoids content was obtained in the chloroform extract and
the minimum amount was obtained in the hexane crude extract.
However, in fruit samples, themaximum amount of total ﬂavonoids
content was obtained in the chloroform extract and the minimum
amount was obtained in the methanol crude extract (Fig. 2 and
Table 2).
3.3. Antioxidant activity
Among the different extracts of leaves, the maximum antioxi-
dant activity was obtained in the chloroform crude extract and
the minimum was obtained in the methanol extract. The extracts
followed the following order: chloroform > butanol > water >
methanol > hexane > ethyl acetate extract. However, in fruit
samples, the maximum antioxidant activity was obtained in the
hexane extract. However, the minimum antioxidant activity was
obtained in the ethyl acetate extract and followed this order:
hexane >water >methanol > butanol > chloroform > ethyl acetate
(Tables 3 and 4).
4. Discussion
The amount of total phenols content of different polarities in the
leaf and fruit extracts of Z. jujuba processed by the Soxhlet method
were different (Table 1). A gallic acid standard calibration curvewas
used for the determination of the amount of total phenols content.
The equation for the curve was y ¼ 0.0085 (R2 ¼ 0.9439) (Fig. 1).
In leaf samples, the maximum amount of total phenols content was
obtained in the ethyl acetate extract and the lowest was obtained in
the water extract. The order of total phenols content obtained was
ethyl acetate >methanol > butanol > chloroform > hexane >water.
However, in fruit samples, the maximum amount of total phenols
content was also in the ethyl acetate extract and the lowest amount
was also obtained in water extract. The order was ethyl acetate >
chloroform > methanol > butanol > hexane > water (Fig. 1 and
Table 1). The different amount of total phenols content in the leafQuercetin concentration (μg/ml)
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0
0.05
0.1
0.15
0.2
0.25
0.3
0 50 100 150 2
A
bs
or
ba
nc
e
Fig. 2. Quercetin standarand fruit extracts of Z. jujuba might be due to high amounts of
polyphenol compounds present in the different polarity crude ex-
tracts [15,16].
Similarly, the content of total ﬂavonoids was determined in
different polarity crude extracts obtained from the leaves and fruit
of Z. jujuba by a modiﬁed AlCl3 method [15,16]. A quercetin stan-
dard calibration curve was used for the determination of the
amount of total ﬂavonoids content. The equation for the curve was
y ¼ 0.0009 (R2 ¼ 0.9676) (Fig. 1). In leaf samples, the amount of
total ﬂavonoids content was obtained in the chloroform extract and
the lowest content was obtained in hexane extract. The order was
chloroform >methanol > ethyl acetate > butanol >water > hexane
extract. However, in fruit samples, the maximum amount of ﬂa-
vonoids content was also obtained in the chloroform extract and
the minimum amount of total ﬂavonoids was obtained in the
methanol extract, with the following order: chloroform >
butanol >water > ethyl acetate > hexane >methanol extract (Fig. 2
and Table 2).
The simplest method to measure the free radical scavenging
capacity of antioxidants involves the use of the free radical DPPH
[15]. DPPH is normally used to evaluate antioxidant activity for the
test of the ability of compounds to act as free radical scavengers or
hydrogen donors. The antioxidant activity result showed that allin concentration; y = 0.0009x; R2 = 0.9676
y = 0.0009x
R² = 0.9676
00 250 300 350
d calibration curve.
Table 3
Result of antioxidant activity of different leaves extracts of Omani Z. jujube.
Crude extracts Conc (mg/ml) Absorbance standard (nm) Absorbance sample (nm) Inhibition (%)
Methanol 200 1.467 0.024 98.36
100 0.023 98.43
50 0.020 98.64
25 0.022 98.50
12.5 0.019 98.70
Hexane 200 1.467 0.028 98.09
100 0.028 98.09
50 0.026 98.23
25 0.023 98.43
12.5 0.023 98.43
Chloroform 200 1.467 0.017 98.84
100 0.021 98.57
50 0.027 98.15
25 0.029 98.02
12.5 0.143 90.25
Ethyl acetate 200 1.467 0.030 97.96
100 0.033 97.75
50 0.030 97.96
25 0.029 98.02
12.5 0.024 87.18
Butanol 200 1.467 0.017 98.84
100 0.023 98.43
50 0.025 98.29
25 0.025 98.29
12.5 0.157 89.29
Water 200 1.467 0.020 98.63
100 0.020 98.63
50 0.022 98.50
25 0.022 98.50
12.5 0.133 90.93
Antioxidant activity: results expressed as % of inhibition; Each value in the table is the mean (±) standard deviation (n ¼ 3).
Table 4
Result of antioxidant activity of different fruits extracts of Omani Z. jujube.
Crude extract Conc (mg/ml) Absorbance standard (nm) Absorbance of sample (nm) Inhibition (%)
Methanol 200 1.467 0.0224 94.56
100 0.088 94.00
50 0.084 94.27
25 0.080 94.55
12.5 0.079 94.61
Hexane 200 1.467 0.067 95.43
100 0.065 95.57
50 0.063 95.71
25 0.067 94.43
12.5 0.059 95.98
Chloroform 200 1.467 0.159 89.16
100 0.127 91.34
50 0.115 92.16
25 0.122 91.68
12.5 0.120 91.82
Ethyl acetate 200 1.467 0.180 87.73
100 0.172 88.28
50 0.148 89.91
25 0.128 91.27
12.5 0.124 91.55
Butanol 200 1.467 0.122 91.69
100 0.073 95.02
50 0.082 94.41
25 0.097 94.96
12.5 0.064 95.64
Water 200 1.467 0.137 94.66
100 0.087 94.07
50 0.081 94.48
25 0.079 94.61
12.5 0.065 95.57
Antioxidant activity: results expressed as % of inhibition; Each value in the table is the mean (±) standard deviation (n ¼ 3).
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activity (Tables 3 and 4). In our present study, among the six leaf
crude extracts, the maximum amount of antioxidant activity was in
the chloroform crude extract and the lowest was in the methanol
crude extract, in the order chloroform > butanol > water >
methanol > hexane > ethyl acetate extract. However, in fruit, the
maximum amount of antioxidant activity was in the hexane crude
extract and the lowest in ethyl acetate crude extract, in the order
hexane >water >methanol > butanol > chloroform > ethyl acetate
(Tables 3 and 4). The difference of antioxidant activity of different
crude extracts depends on the total amount of phenols, ﬂavonoids
and aromatic compounds present. This ﬁnding indicates that
Z. jujuba crude extracts are a good potential source of secondary
metabolite compounds, which can be used as natural antioxidants
against free radical oxidative damage in the human body. This
result is in signiﬁcant agreement with the reported antioxidant
activity value of organic crude extracts of Z. jujuba described by
Al-Reza et al. [7].
5. Conclusions
To the best of our knowledge, this report is the ﬁrst to address
different polarity leaf and fruit crude extracts of Z. jujuba grown in
Oman tested against the DPPH method. Total phenols and ﬂavo-
noids contents were also determined for all of the polarities of leaf
and fruit crude extracts. Signiﬁcant amounts of total phenols and
ﬂavonoids content were obtained, with the maximum amount
being observed in ethyl acetate and chloroform crude extracts. In
this present study, chloroform crude extracts also showed the
maximum amount of antioxidant activity. There is a very good
correlation of total phenols and ﬂavonoids with antioxidant activ-
ity. Therefore, the crude extracts could be used as a natural anti-
oxidant for the treatment of different diseases.
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